Objective: We investigated the ability of whole body and segmental multiple frequency bioelectrical impedance (MFBIA) to detect peritoneal¯uid in peritoneal dialysis patients. Design: Prospective study. Setting: Teaching hospital renal unit. Subjects: Patients on regular peritoneal dialysis. Interventions: Whole body and segmental MFBIA measurements before and after drainage of peritoneal¯uid. Results: Changes estimated by MFBIA in total body water ( 7 0.4 (0.8) litres) and extracellular water ( 7 0.3 (0.3) litres) were much lower than the actual changes (2.0 (0.4) litres), P`0.0001. Derived resistances R ecf and R icf increased signi®cantly for the trunk but not for total body measurements and changes did not correlate with volumes of¯uid drained. Conclusions: MFBIA is limited in its ability to detect intraperitoneal¯uid, using both whole body and segmental techniques.
Introduction
Bioelectrical impedance analysis (BIA) is a simple technique for body composition measurement but has limitations, especially in disease states. Whole body BIA considers the body as a uniform cylindrical conductor (Kushner, 1992) . As resistance is inversely proportional to a conductor's cross-sectional area, the trunk makes a disproportionately small contribution to whole body impedance (Rallison et al, 1993) .
Accumulation of¯uid in the peritoneal cavity is an important feature of many pathological conditions. Fluid is also infused into the peritoneal cavity during peritoneal dialysis. Whole body single frequency (SFBIA) is insensitive to the presence of peritoneal¯uid, possibly due to the geometrical assumptions of the technique (Rallison et al, 1993) . Even segmental SFBIA is relatively insensitive to intraperitoneal¯uid, suggesting that trunk anatomy may reduce the penetration of the electrical current into the peritoneal cavity (Woodrow et al, 1996) . Some animal work suggests that multiple frequency BIA (MFBIA) may allow detection of intraperitoneal¯uid (Cornish et al, 1994) , but there is con¯icting evidence (Cha et al, 1995) . We investigated the ability of whole body and segmental MFBIA to detect the presence of dialysis¯uid in the peritoneal cavity of patients receiving peritoneal dialysis.
Methods and subjects
We studied 19 patients (13 male, 6 female) with chronic renal failure (CRF) treated with peritoneal dialysis. Patients had a mean age of 54.0 (15.1) y and body mass index (BMI) of 23.3 (3.6) kgam 2 . BIA measurements were made using the Xitron Hydra 4200 analyser (Xitron Technologies, San Diego, California, USA), linked to a computer with the manufacturer's software (version 1.1c). Measurements were made after resting¯at for 10 min, with dialysis¯uid present within the peritoneal cavity. Electrodes were left in position, the dialysis¯uid drained out and the BIA measurements repeated. Patients were weighed before and after drainage of dialysate to determine the amount of¯uid removed. Whole body measurements were performed using the standard tetrapolar technique. For measuring trunk impedance, sensing electrodes were placed in the midline of the anterior surface of the thigh at the level of the gluteal crease and at the suprasternal notch and source electrodes were 5 cm distal to the thigh electrode and 5 cm superior to the suprasternal sensing electrode (Chumlea et al, 1988) .
The Xitron Hydra 4200 analyser performs measurements at 50 frequencies between 5 ± 1000 kHz. A Cole ± Cole plot of measured reactances and resistances allows extrapolation to estimate resistance at zero (R ecf ) and in®nite frequency (R inf ), corresponding to resistances of extracellular water (ECW) and total body water (TBW) respectively. From these, resistance (R ief ) of intracellular water (ICW) is calculated and for whole body measurements the water volumes estimated from equations based on the Hanai mixture theory (Mathie et al, 1998) .
Comparison of measurements was by the paired t-test. Relationships between different variables were analysed using the Pearson correlation coef®cient. The study was approved by the local research ethics committee and subjects gave informed consent.
Results
Mean body weight reduction after drainage of dialysis¯uid was 2.0 (0.4) kg. There was a signi®cant change in total body water (TBW) and extracellular water (ECW) but not intracellular water (ICW) estimated by MFBIA spectroscopy (Table 1) . Estimated changes in TBW and ECW were much less than the actual change, (mean estimated change in TBW being 21.8% of the actual change). There were no signi®cant correlations between changes in weight and changes in TBW, ECW or ICW. Whole body R ecf and R icf did not signi®cantly change after drainage of the dialysis¯uid (Table 1) . Trunk R ecf and R icf were signi®-cantly increased (Table 1 ). There were no signi®cant correlations between changes in whole body or trunk R ecf or R icf and changes in weight.
There was a small but statistically signi®cant increase in whole body impedance at lower (5 ± 200 kHz) but not higher (500 ± 1000 kHz) frequencies after drainage of dialysis¯uid (of about 1%), but whole body phase angle did not change and there were no signi®cant correlations between changes in whole body impedance at any frequency with change in weight. Impedance signi®cantly increased for the trunk at all frequencies (by 6 ± 7%). There were borderline signi®cant correlations between these changes and changes in weight at mediumahigher frequencies (100 kHz r 7 0.47, P`0.05, 200 kHz r 7 0.44, P 0.06; 500 kHz r 7 0.44, P 0.06, 1000 kHz r 7 0.43, P 0.065) but not at lower frequencies.
Discussion
MFBIA is limited in its ability to re¯ect¯uid changes within the peritoneal cavity. Whole body measurements showed disproportionately small changes in TBW and ECW. Even these changes will be due to changes in the weight value in the calculations, with there being no changes in R ecf or R icf . The small non-signi®cant changes in R ecf and R icf may be due to posture effects and are unlikely to be of practical signi®cance. The effect of posture has been shown to result in spurious changes in MFBIA measurement that will tend to confound attempts to measure acute¯uid changes of the magnitude observed in this study (Scharfetter H et al, 1997) .
Segmental trunk measurements were more sensitive than whole body readings to the drainage of¯uid. R ecf and R icf for the trunk signi®cantly increased by an average of 6.4% and 7.8%, respectively. However, changes did not correlate with actual changes in¯uid within individuals. Trunk impedance at individual frequencies also increased by a similar magnitude (5.7 to 7.1%) and for the higher frequencies there was a borderline statistically signi®cant relationship with individual¯uid changes.
In conclusion, even using MFBIA, whole body BIA is insensitive to peritoneal¯uid. It is not useful for investigation in this situation, and the presence of peritoneal¯uid may result in errors of body composition analysis. Segmental measurements were more sensitive, with impedance at higher frequencies (but not R ecf or R icf ) having some relationship to the actual volume of¯uid. Thus this could be of some value in assessment of patients, but the correlation was modest and so it is unlikely to achieve a high degree of accuracy of measurement. (O) 91.0 (22.4) 98.1 (21.4) P 0.0001 7.1 (6.3) *All differences between pre-and post-drainage less than actual weight change P`0.0001. ns not signi®cant.
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